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ABSTRACT 


сыга operational methods of forecasting the motion of 
Weopical cyclones over the northeast Pacific Ocean area are 
evaluated for three 1970 and nine 1971 hurricanes. OFFICIAL 
forecast accuracy is shown to excel that of TYRACK (1971 
only) and HATRACK (both years). The MODIFIED HATRACK (MOD- 
HATR) forecast scheme developed by the Navy in Monterey, Cali- 
fornia, comprising a numerical steering component (HATRACK) 
and a statistical modification (correction for bias in HAT- 
RACK) is applied to the same 1970-71 operational data, with 
the result that the MODHATR accuracy, using 850-mb steering, 
is shown to be superior to HATRACK and TYRACK while only 
slightly Interior to the OFFICIAL forecasts. Specifically, 
MODHATR forecast accuracy lies in the range 7 to 5 kt for le 
wos Nour forecasts, respectively, while the ratios of OFFI- 
СИЕ Е бо MODHATR errors range from 1 to .7 in 1970 for fore- 
ШӨГЕ 12 бо НО hours and from .9 to .8 in 1971 for 12 to Fe 
hour forecasts, respectively. The number of 1970 forecasts 
evaluated in the test averaged 35 per forecast interval 
while the 1971 forecast sample ranged from 160 at 12 hours 


to 45 at 72 hours. 
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I. ОВО АИ О On Ua STUDY 


The objectives of the study were as follows: 


1 


To generally assess the current status of subjec- 
tive and objective forecasting of tropical cyclone 


motion in the northeastern Pacific Ocean area. 


Шоо тогтоо ёст пүү  ётсо Є ар расар Есу ог 
the MODIFIED HATRACK forecast scheme to the move- 


ment of sucn' tropical cyclones. 


To advise Fleet Weather Facility (FWF), Alameda, 
on the utility ofsayvailabile objective suidance 


КОЛЛЕ о MU BODICaLccvclone season. 





ТТ. МШЕ AREAS TUD 


Bestropieal noprtheastern Paeific Ocean ranks second, 
Eu y in the production of tropical cyclones of at 
east storm intensity [Atkinson 1971] . Fig. ] shows the 
area of usual occurrence. Climatology shows that the cy- 
clone season begins in May and ends in November, with 
зве peak of activity in August and September. Table 1 
illustrates the cyclone activity of the past five years 
[FWC/JTWC AS durimewmhrensera satelite observations 
paved an important role in detection and tracking. 

Gee tropical northeastern Pacific Ocean is notorious 
for its sparsity of data, especially in the area of tropi- 
cal cyclone activity. Fig. 1, illustrative of this fact, 
shows the fixed reporting stations and a typical distribu= 
еп ог reports trom transiting Ships. Because of this 
Situation, one of the greatest aids in locating the cyclones 
has been the daily Automatic Picture Transmission (APT) 
pictures received via Forecasters Facsimile (FOFAX) 
[FWC/JTWC 19721 . such observations supplement limited 
aircraft reconnaissance of the cyclones. 

The importance of the area to the Navy is demonstrated 
in Table 2 which shows an example of the number, points 
of origin and destinations of Navy ships and ships under 
Naval contract which ply the area. Information concerning 


the number of non-Nsvy ships is not known but the number of 





ships which transit the Panama Canal is in excess of 14,000 
[world Almanac 1972] Den year same Оо 2 йн cheevidently 
pass through part of the tropical northeastern Pacific 


Ocean. 
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III. AVAILABLE FORECAST TECHNIQUES 


The forecasting of cyclone movement in the tropical 
northeastern Pacific Ocean area has been a result of objec- 
tive guidance (e.g., HATRACK and TYRACK, discussed in 
sections B and C) and subjective reasoning [FWC/JTWC 19721 , 
the latter heavily influenced by climatology and extrapo- 
lation [Denney 1971|. However, to this date, the quality 
of the objective techniques has not been statistically 
cuweted for the area and, therefore, is of unknown value 
as forecast guidance. The only forecast statisties pub- 
lished are those of the subjectively-derived OFFICIAL 


forecasts |FWC/JTWC' 1971; 1972]. 


e TAE OPPICIAL PORECAST 

The OFFICIAL forecast stems from a cooperative effort 
between FWF, Alameda and the National Weather Service 
Forecast Office, Redwood City, California. Аз indicated 
above, the OFFICIAL forecast in the area is largely subjec- 
tive; objective guidance is minimal at best. 

The type and frequency of forecasts for the tropical 
northeastern Pacific Ocean are much like those issued for 
the North Atlantic Ocean area (See Fig. 2). Once the 
cyclone has been designated as a depression, such fore- 
casts are disseminated for the prime intervals 12, 24, 

48, and 72 hours, initiated from synoptic-time (0000, 0600, 


1200, and 1800GMT) positions. 


a 





В. "THE TYRACK SCHEME 

The TYPHOON TRACKING (TYRACK) scheme was developed by 
Fleet Weather Central (FWC), Pearl Harbor as a synoptic- 
m i tical approsch to forecastins»themovement of tropl= 
cal cyclones. The scheme considers the cyclone center as 
eepemnt in a field e smoothed, objectiwely-analyzed, 
observed winds. If no history on past movements is avail- 
Tle or ifthe history pesitioem је dubtrous =the 700 mb 
kae has arbitrarily chosen asthe best steering level. 
mwe U and V components ог These een ame Mene Mina “are 
Caleulated at the cyclone center and the cyclone is steered 
C three hours utilizing these components. АС the end 
ле не пеее=пошгт interval a new center position is 
tr ermined, the U and Y% components arè computed and" the 
ое is steered for another three-hour interval. This 
process is repeated to 48 hours and the 12, 24, 36 and 48 
hour forecast positions are determined. 

If history positions are available and are considered 
ое, не ле procedure is similar, but the steering level 
is determined from prior movement. The best steering 
level is selected by using the U and V components of the 
wind at the present position to steer the cyclone center 
back, 12 hours in time, for all six previously-determined 
levels (i.e., 700 mb, 500 mb, 400 mb, 300 mb, (700+500)/2 
and (700+500+400+300)/4). The level whose winds move the 
cyclone closest to the l2-hour history position is then 


selected as the best steering level. As before, the center 


ко 








is steered in three-hour intervals to 48 hours and the 12, 
24, 36 and 48 hour forecast positions calculated. TYRACK 
Dereesebsı, computer gemerated by FWE, Pearl Harbor, Hawaii, 
were made available, at synoptic times, to the FWF, Alameda 
forecaster during the 1971 tropical cyclone season. 

Fig. 3 illustrates the information available in the 
ЦК forecast. In this example, the mame of the cyclone 
ame не time from which all forecasts are made appear in 
the heading. Hurricane Olivia has been steered from 
1200GMT 27 September 1971. The column labeled LEVEL, 
gives the steering level for the forecast. The POSIT 
column indicates the forecast interval. The HISTORY posi- 
tion always refers to the position of the cyclone le hours 
prior to start time. The LAT, LONG columns show the fore- 
eager positions of the cyclone. Since, in this example, 
tae history pesition is given, the cyclone was steered 
back in time and, as can be seen by the last set of fore- 
casts, the 300 mb level steered the storm back closest 
to the history position and therefore was chosen as the 
best steering level for the forecast. If a history posi- 
tion was not available, the cyclone would have been steered 


by the 700 mb level winds. 


5. THE HATRACK SCHEME 

Ihe HURRICANE AND TYPHOON TRACKING (HATRACK) forecast 
scheme, developed cooperatively by the Naval Postgraduate 
School (NPS) and Fleet Numerical Weather Central (FNWC), 


Monterey, California, is based on the assumption that the 


1 





geostrophie wind at some isobaric fever aveve che eyclone 
center, as derived from FNWC's SR field, is a good measure 
of the speed and direction of movement of the cyclone 
center. The SR field is numerically computed by heavily 
smoothing the height Concours ofa Constant pressure sur- 
face. The smoothing operation essentially removes the 
wea vaye disturbances, including tropical cyclones, апа 
Pecemms thie long wave pattern. Thus, the center of the 
cyclone is placed in the remaining long wave pattern and 
мэн! and V*compoñents of the quasi geostrophic wina? are 
computed to steer the cyclone. 

The HATRACK forecasts, computed by FNWC, Monterey, 
each six hours, for forecast intervals to "X" hours (X=72 
ши 1970 ага 84 in 1971) are processed at the request of 
FWF, Alameda. An example of a HATRACK forecast for hur- 
ricane Lorraine is given in Fig. 4. 1800GMT 19 August 
1970 (18190870) is the initial time, 14.5N, 112.8W repre- 
sents the initial position and the forecast set extends 
to 66 hours, equivalent to 12220870 (i.e., 1200GMT 22 
August 1970). 12190870 gives the time and date of the 
SR analysis and its associated prognoses which were uti- 
lized to compute the quasi geostrophic steering components. 
1000 mb represents the steering level. The maximum interval 


of the forecast set is six hours less than "X" due to the 


1оџаѕі refers to the fact that the sine function is 
adjusted at lew latitudes. 
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Six-nour time difference between the SR analysis and the 
шиг 141 ров16010п. 

During the 1970 season, intermittent HATRACK forecasts 
to 72 hours were provided to FWF, Alameda, utilizing 
fields at the three steering levels, 1000, 700, and 500 mb. 
In 1971 the intervals were extended to 8! hours and the 
850 mb level was included. Renard (1968) and Renard, 
Colgan, Daley and Rinard (1972) have reported on the results 
of forecast experiments with this technique for the North 


Atlantic Ocean area. 


D. THE MODIFIED HATRACK SCHEME 

It has been noted (Renard 1968) that HATRACK forecast 
pecns and best tracks“ of North AcClantic Ocean cyclones 
Fr r In shape but the positions at coincident times 
are out of phase. Since this bias is reasonably persistent 
ЕНЕ, а simple estimate Of 10 Mas) Deen used 60 соггесе 
Miew nt lantvic-area@ HATRACK forecasts, resulting in MODIFIED 
HATRACK (MODHATR) forecasts which are more accurate than 
BUNESERTHACK forecasts. opecitfteally, the approach, as 
developed, utilizes known six-and twelve-hour errors in 
mm@e HAITRACK forecasts to correct the positions in the 
remaining intervals, separately by latitudinal and longi- 
tudinal components. The computed six-and twelve-hour 


errors (E) are linearly extrapolated by the following 


2 ты 
Best track refers to the documentary position of the 


шаар cal cyclone centers. 
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formula to generate MODHATR error forecasts to any inter- 
val, At, 3 t represents time, in hours. 
(En - Es) (ti - 12) 


n 6 


Ent 


Mous, the estimated HATRACK forecast error at t @о рз 5 
the error at 12 hours plus [(t, - i2) / 6] times the 
difference between the six-and twelve-hour HATRACK errors. 
These estimated errors are then applied as corrections 

to the HATRACK forecast positions to yield MODHATR forecast 


Position, E! 


t 12. 
n 
ПН Де с > (2) 
n n n 
where Е, _ 12 is the MODHATR forecast position for a time 
12 hours less than u and Е. is the HATRACK forecast 


n 
position at t - Renard, Daley and Rinard (1970), Colgan 


(1971) and Renard, Colgan, Daley and Rinard (1972) describe 
Lier ODRATR seheme in detail, Including certain empirical 
restrictions employed in its application. 

This scheme has not been used operationally in the 
Werencasterm Pacific Ocean area to this date. Most of 
the developmental and operational testing has been confined 
to the North Atlantic Ocean area but limited to the former 
until 1971. The following chapter describes the testing 
preececaures apolved vo the 1970 and 1971 hurricanes of the 


subject Pacific Ocean area. 


= 
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IV. TESTING PROCEDURES 


"Пе procedure Tor testing the accuracy of the MODHATR 
forecast scheme may be outlined as follows. The mean 
БЕЗӘГ5 аге calculated as a function of forecast interval 
for the OFFICIAL, TYRACK, HATRACK and MODHATR forecast 
schemes and by comparing objective schemes to OFFICIAL 
шоРесавов, the merits of the objective schemes are 
evaluated. 

Since the examination of the two seasons was basically 
ишо same, оспе procedure used in 1970 will be presented 
and only departures from this procedure will be discussed 
for the 1971 season. 

| от оо сс нарсе? ТЇГЇЛ а tropieal cyclone data 
were provided by FWF, Alameda. The 1970 data comprised 
OFFICIAL forecasts including operational positions? мәс, 2 
TYRACK forecasts (Fig. 3), intermittent HATRACK forecasts 
derived from steering at 1000, 700 and 500 mb levels 
(Fig. 4), and best tracks. The available data were exam- 
imed and three tropical cyclones (Francesca, Lorraine 
and Patricia) were selected for preliminary study. Only 
the cyclones reaching hurricane intensity were selected 
to enable examination of the objective schemes during all 


Svaces Of tropical cyclones. 


E JOperaticnal РО ао тыы вае 
time locations of the cyclones. 
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The OFFICIAL (12, 24, 48, and 72 hour) forecasts were 
verified against the best-track positions and error sta- 
tistics were compiled for each forecast interval. The 
HATRACK forecasts, begun from the operational positions, 
were also verified against best-track positions for all 
Forecast intervals. The MODHATR forecasts were computed 
for all available HATRACK forecast sets using both best- 
track and operational positions for calculation of the 
bias correction. The resulting forecast positions were 
then verified against the best-track positions and the 
emo Statistics compiled.» Por all schemes, the errors 
ere sented in nautical milesper hour, as a normalizing 
орсо to aid in comparing error statistics, 

ВЕ testing procedure Por the 1971 season. was the 
same as that for the 1970 season, but the data were more 
complete. During the 1971 season, the 850 mb steering 
ze was added to the data set. Extending the HATRACK 
forecast sets to 84 hours allowed MODHATR forecasts to 
Кеа шала со 72 hours. 

The HATRACK data for all but two cyclones which reached 
hurricane intensity (Agatha, Denise, Hilary, Ilsa, Lily, 
Monica, Nanette, Olivia and Priscilla) were utilized. 
Bridget and Francene were lost due to computer problems. 
Also, positions equal to and less than 5N were omitted. 
Computation of HATRACK forecast positions equal to and 
less than 5N requires data from the Southern Hemisphere. 


The HATRACK program was not designed for calculations on 
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Southern Hemisphere grid points and, therefore, erroneous 
forecasts are generated. For this reason, the program 
ieelucged an “execution svep to exclude such forecasts. 
Further, starting positions of all HATRACK forecasts were 
compared to the operational cyclone positions and any 
forecasts which were generated from a position vectorially 
more than one degree latitude from the operational position 
were arbitrarily excluded. 

The 1971 TYRACK (12, 24, 36, and 48 hour) forecasts 
were verified against the best track positions and error 
statistics were compiled. 

The difference between the best-track and operational 
positions for the 1970 and 1971 tracks was examined in an 
attempt to correlate large forecast errors and large start- 
ing errors. No relationship between these parameters could 


be established. 
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V. RESULTS AND ERROR ANALYSIS 


The primary objectives of the study were to evaluate 
the merits of the MODHATR scheme and report these results 
to FWF, Alameda, for use as objective guidance in the 1972 
hurricane season. 

As stated in Chapter IV, the HATRACK forecast sets were 
ot моа теат Бу бе best-track positions of the cyclones. 
NETS procedure Was carried ӨШІР to establish the potential 
accuracy of the MODHATR scheme. The potential accuracy may 
be regarded as indicative of the optimum performance of 
cos creeme Using cme Dest DOsSibie positwons to calculate 
the bias corrections. But, since the best-track positions 
ооо Unvbit aircer the completion of tae season, 
mney cannot be used in operational real-time. Therefore, 
vo determine the current or actual accuracy, 1t was neces- 
sary to calculate the bias corrections utilizing cyclone 
positions that would have been available in operational 
reai-tame. The following section discusses the MODTHIED 


HATRACK errors, as a function of both modes of the bias 


correctren ana іп relation to "SRE ICIAL -and@lYRACK forecasts. 


BE ¿RESULTS 

The error statistics for the 1970 HATRACK forecasts, 
compared with those for the OFFICIAL forecasts, are present- 
ed in Fig. 5. The mean error, in nautical miles per hour 


> 


or forecast interval, is plotted against the forecast 
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Меше It is readily seen that the guidance provided by 
the HATRACK scheme is minimal. For example, the mean error 
Мине 12shour OFFICIAL forecast is 5.8 kt or 69.6 п mi, 
while on the average, the minimum HATRACK errors are 
achieved utilizing 700 mb steering with a value of 6.2 kt 
or 74.4 n mi, with larger differences between the two 
methods in the longer forecast intervals. 

Ву comparing the mean errors, in each forecast interval, 
between the OFFICIAL and objective forecasts and expressing 
pe pesalt as an error ratio, the relative accuracy of 
the two methods is established. If only those forecasts 
which exhibit a one-to-one correspondence (i.e., equiva- 
Toont forecast intervals andevabideat. the» samemsynoptic 
time) are compared, a homogeneous sample results. A non- 
homogeneous sample compprises all OFFICIAL fomecastssand 
EEobjectivesxforecasts of the same forecast interval. 
Figs. 6 and 7 show the results of the two comparisons be- 
p ле ОМ ГА ana HATRACK Zerrors, 16 Should De noted 
that the error ratio is always less than one (i.e., OFFICIAL 
always less than HATRACK mean errors) and decreases in 
the longer forecast intervals.) 

Figure 8 illustrates the mean error results for MODHATR 
(best-track)bias forecasts. As previously stated, use 
of best-track bias establishes a potential accuracy which, 
is greater than that of the OFFICIAL forecast through 48 
hours when the optimum steering level (700 mb) is utilized. 


Figs. 9 and 10 are similar to Figs. 6 and 7 except that 


> 


2! 





the MODHATR (best-track bias) results show that the poten- 
wl accuracy of this scheme is greater than that of the 
ВЕСТА forecasts for the=12 and 2 heur intervals. The 
meena of decreasing accuracy in longer forecast intervals 
Remains. 

The best steering level for the objective schemes is 
obvious from Figs. 6 through 10. The 700 mb steering 
eel sives the. most aceurate results іп all cases. 

The state-of-the-art accuracy was determined by pro- 
daucine MODHATR forecasts utilizing operational positions 
to calculate the bias. A comparison of the MODHATR (oper- 
ational bias) forecasts to the best-track positions gives 
emmeasuces Of its expected. performance under operational 
conditions. Since the previously stated results clearly 
show that the 700 mb steering produced the most accurate 
forecasts, MODHATR (operational bias) forecasts were cal- 
emlatvied only foemeHATRACKefomeeastseresultimg from 700 mb 
aucem LDhewpresults-ofsthe mean error calculations 
amel shewn im Fig. Jaw e shewld be noted that met only 
H5 the overall deterioration of the scheme evident but 
that the deterioration» issmuch more severe in the Shorter 
forecast intervals (i.e., less than 36 hours). It should 
also be noted that the MODHATR (operational bias) forecasts 
are overallebetter than those of the HATRACK 2. TRE 
enmeregebios of Figs. l2 amdels show that the MOBHATR 
('oppemst.lomsdubias)accusaey dismin&Berior tosthatwof НТ СТАТ: 


whether the sample is homogeneous o» non-homogeneous. 


Б 
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еШ results are presented fo eres. Fl through 23 
utilizing the 1970 format. Fig. 14 shows the HATRACK 
errors for the 1971 cyclones. Comparison to Fig. 5 shows 
extended forecast intervals, the addition of the 850 mb 
steering level and overall similarity of patterns. The 
extended forecast intervals were discussed in Chapter IV. 
Figs. 15 and 16 give error ratios at all steering levels 
fer a homogeneous and non-homogeneous sample, réspectively. 
The similarities to Figs. 9 and 10 are evident but the 
штэ тэгс gredter throughout, probably a result of favor- 
able changes to the FNWC prognostic program. Fig. 17 
illustrates the potential accuracy of MODHATR (i.e., 
best-track bias) utilizing the 1971 data. It is evident 
that the 650 mb steering results are more accurate than 
those for 700 mb. Comparison to Fig. 8 reveals that- 
син the basic pattern or inereasing error with increas- 
Ти ГОР Саа Interval persists, the point at which the 
850 MODHATR (best-track bias) forecasts become poorer 
than OFFICIAL has been extended to 60 hours. This increased 
accuracy is also reflected in the homogeneous and non- 
homogeneous comparisons with OFFICIAL (shown in Figs. 18 
and 19) by error-ratio values greater than one through 
the 48 hour forecast intervals. 

Ihe operational performance of the MODHATR scheme was 
determined as in 1970. The mean-error results are given 
in Fig. 20 where they may be compared to the best-level 


17 


ЕРЕСЕК errors. Сопоггісоп to Fic. Il shows that the two 


eo 





sets of results are of the same basic pattern, but again, 
the 1971 MODHATR (operational bias) errors are closer to 
the OFFICIAL errors especially in the longer forecast 
ега. Тһе error ratios of Figs. 2l and 22 point out 
that even though the 1971 MODHATR (operational bias) 
results are better than the 1970 results, the OFFICIAL 
forecasts are best at all intervals coevaluated. 

Hae error statistics for the TYRACK scheme were tabu- 
lated in the same manner as those for the other objective 
schemes. The TYRACK forecasts were divided into history 
and no-history categories. These two forecast sets were 
separated because of the known erratic nature of the initial 
(operational) positions. It has been the experience of 
FWC, Pearl 2 nena the TYRACK scheme is extremely 
sensitive to errors inethe- starting positions. -This 
sensitivity was documented when errors of the history fore- 
casts were determined to be greater than those of the no- 
history forecasts. The no-history errors (700 mb steering) 
are presented in Fig. 23 where they are compared to both 
the OFFICIAL and MODHATR (operational bias) in a homogene- 
ous sample. Fig. 23 шиг - that both OFFICIAL and 
MODHATR (operational bias) forecasts are superior to the 


best TYRACK forecasts. 


Personal communication with Lt. Gray, FWC, Pearl 
Harbor. 
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B. ERROR ANALYSIS 

Since the difference between the MODHATR (best-track 
bias) and the MODHATR (operational bias) schemes is essen- 
кит Ру que to the positions utilized for bias determina- 
Drm theses must lie tre answers’ to the deterioration 
of the scheme using operational, real-time data. 

The most accurate location of a tropical cyclone is 
provided by a reconnaissance aircraft observation. During 
the 1970 season, reconnaissance responsibility was shared 
прото є U.S) Wavy ana the Urs. Air Force, resulting in one 
near-synoptic time observation per day. 1971 saw the 
UNE Pr Force assume Tull responsibility for fixing 
cyelone positions. In both years, the operational schedule 
called for a daily, 1800GMT, reconnaissance of northeastern 
Poetic tropieml"eycloNee, commemelinge проп дева спа лог ОР 
the system as a tropical depression. A review of the 
annual end-of-the-season report shows that in a great 
majority of the cases, these reconnaissance positions were 
accepted as both the operational and best track positions 
of the eyclones. 

Figure 24 illustrates the best track and the operational 
track of hurricane Lorraine, 1970. An examination of 
these tracks points out both the erratic nature of the 
operational track and the heavy reliance on reconnaissance 
positions. This reliance produces large cyclic discontinu- 
ities in the operational track which are the result of 


ESloceeing the’ 1S0CG@MT  cyelone position to agree with the 
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Ilvest fix. In Fig. 24, two obvious relocations are evident 
ООО on 19 ana 25 August 1970. 

Nac intial or start time of a HATRACK forecast set is 
that time from which the forecasts are generated. The 
MODHATR (operational bias) forecasts were grouped by these 
associated initial times in an attempt to establish the 
effect of the track discontinuity between 1200 and 1800GMT. 
Table 3 gives the mean error (in n mi) as a function of 
Speaker tames. In amy forecast interval, a compartson of the 
mean errors enables an accuracy ranking of the initial 
(РИКИ, 1.с., Феәшенесіг to legst "“aocuratesmbhe results of 
this procedure are illustrated in Table 4. It is readily 
seen that from the 1970 data, the 1800GMT start time emerges 
as the optimum time with 1200GMT as second best. In PIAL, 
the 1200GMT initial times are best with 1800GMT a close 
опію. JTuePecope, "MODERAR Torecasts "derived from HATRACK 
forecasts initialized at 1200 or 1800GMT were selected 
as optimum. 

It is believed that the poor performance of the 0000СМТ 
starting time is attributable to the modifying (operational) 
positions being furthest removed in time, (i.e., 12 and 18 
hours) from the last aircraft fix. The poor performance 
of the O600GMT initial time is illustrated in Fig. 25. 

The apparent large, southwesterly movement of the cyclone 
between the first (1200GMT) and second (1800GMT) modifying 
positions is utilized by the computer to calculate the 


prosccopreot^on. Since tae motion is. Spurious iron 
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1200-1800GMT, being mostly due to relocation at 1800GMT, 
phcusconsestron is of a similar nature and the resulting 
MODHATR forecast, in this cease, is worse than HATRACK. 
The forecast generated from best-track bias is shown for 
comparison. А small number of such situations have a disas- 
terous effect on the forecasts initialized at 0600СМТ. 
The optimum set of forecasts, those having 1200 and 
1800GMT start times, were then compared to the OFFICIAL 
forecasts. The results for the 1970 data are shown in 
Fig. 26. It should be noted that the mean error of the 
MODHATR (operational bias) has been decreased but the 
OFFICIAL forecast remains superior at all forecast intervals. 
toe. 2/ shows results for the 19/1 ar The MODHATR 
(operational bias) mean errors are less than or equal to 
the OFFICIAL errors for forecast intervals through 24 hours. 
The result is regarded as more significant due to 


number of forecasts and the prognostic model in use at FNWC. 
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VI. CONCLUSIONS 


The following conclusions were drawn from this study: 


d 


The MODHATR forecast scheme is most accurate when 
using 850 mb in preference to 1000, 700, or 500 mb 


steering. 


In general, the MODHATR (operational bias) scheme 
using 850 mb steering, produces forecasts only 
БЛОТ у ИСТОГ vo OFFICTAL forecasts. For those 
MODHATR forecasts derived from steering initiated 
at 1200 and 1800GMT, the accuracy is equivalent to 
or superior to the OFFICIAL forecasts through 24 


поште in che 1971 sample. 


The MODHATR skill excels that of TYRACK and thus 


the former is the best objective scheme available. 


The major error inherent in MODHATR (operational 
bias) forecasts originates from the error in opera- 


trional positions of the tropical cyclone. 


Further study in the areas of level selection and 


adjuscment of the empirical limits 15 indicated, 


28 





TOTAL NUMBER 
OF WARNINGS 


CALENDAR DAYS 
OF WARNINGS 


TROPICAL 
DEPRESSIONS 


TROPICAL 
STORMS 


HURRICANES 


TOTAL 


T2 


20 


1968 


E 


126 


13 


Э 


1969 


219 


67 


15 


1970 


350 


98 


15 


21l 


ToL 


410 


89 


28 


ee. 


КОШКЕ Atabulation of the tropical cyclone activity 
in the northeastern tropical Pacific Ocean, 1967-71. 
(Fwc/JTWC 1971] 


PORTS EASTBOUND WESTBOUND 
CALIFORNIA-CANAL ZONE 30 16 
CANAL ZONE-JAPAN, KOREA, TAIWAN, OKINAWA 108 32 
CANAL ZONE-SOUTH CHINA SEA 132 210 
CANAL ZONE-GUAM 9 10 
CANAL ZONE-HAWAII lon 28 
SUB-TOTALS 289 296 
TOTAL 585 


TABLE 2 A tabulation of the number of ships, either Navy 
or Naval contract vessels, transiting the north- 
сост eropteca, acute -Oceanedurine. 1970 
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FORECAST O000GMT O600GMT 1200GMT 1800GMT 
INTERVAL AND 


SAMPLE TYPE LOO 011 lemons Loa 


Ше HOUR 













70.4 | 95.9 | 75.7 | 84.7 | 64.9 | 62.6 | 72.9 | 86.7 
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91.4 | 85.5 | 88.4 | 64.9 72.9 | 84.0 
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NON- 405.4 
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TABLE 3 The mean error (n mi) in MODHATR as a function of 
initial times for those forecast intervals common 
to OFFICIAL and MODHATR. 
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NUMBER OF |. NUMBER OF 
ACCURACY 1970 OCCURRENCES OCCURRENCES 








0000GMT 


0600GMT 


00000МТ 









LEAST MEAN 
ERROR IN 
ANY FORECAST 
INTERVAL 





0600GMT 








1200GMT 


1800GMT 


НИЕТ ена] 
0000GMT 


0600GMT 
1200GMT 
1800GMT 


а он 
0000GMT 


0600GMT 


1200GMT 





1800GMT 


SECOND BEST 
FORECAST IN 
ANY FORECAST 


INTERVAL 





THIRD BEsT | 09006МТ 


FORECAST IN 
ANY FORECAST 
INTERVAL 


0600GMT 


How | 1 | 16| о | 
AS AA AAA AA A 
LARGEST MEAN OCOOGMT | os oo00gxT| 2 
ЕСЕТ ЕСІЛ БЕНЕН ЕС БЕНЕН 

1800GMT 0 1800GMT l 


TABLE 4 Accuracy of MODHATR (operational bias) forecasts 
as a function of initial time (see Table 3). Fore- 
casts of 12, 24, and 48 hours are considered in the 
1970 sample; forecasts of 12, 24, 48 and 72 ‘are 
ranked in the 1971 sample. 
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О 0714502 JUL 71 

FM FLEWEACEN ALAMEDA 

TO AIG ONE THREE ONE 

INFO RI'VJMUA/ZFLEVEAFAC. SD TEGO 


RBDIDW/CINC WESTERN FLEET WEATHER CENTRE, NORTHWOOD ENGLAND 


RiwTaAwaA/CARSWELL ADWS 
BT 

UICLAS 
WHEA KNGZ 97127227 
HURRICANE DENISE WARNING 12 
POSITION NEAR 13РТСОМ 119PTE"! AT 8712202 
POSITION ACCURATE WITHIN 75 MILES 3A4SED ON EXTRAPOLATION 
PRESENT MOVEMENT TOWARDS THE WEST OR 270 DEGREES AT 16 KNOTS, 
PRESENT WIND DISTRIBUTIONS 
MAXIMUM SUSTAINED WINDS 7@ KTS NEAR CENTER 
RADIUS OF 53 KT WINDS 49 MILES 
RADIUS OF 38 XT WINDS 16068 MILES 
REPEAT POSITION NEAR 13РТОЧ 119РТЄ6У АТ 2712887 
FORECASTS: 

12 HOURS VALID 08020027 |12РТЗМ 121PTSW MAX WIRDS 79 XTS 
24 HOURS VALID 6812560 I12PTSN 123PTGW MAX WINDS 70 KTS 
EXTENDED OUTLOOK: 
48 HOURS VALID 79 12077 12РТ2\ 127PT54 МАХ WINDS 58 KTS 
TO HOURS VALID 1912202. 11РТВВ О 15)РТ3ЗИ МАХ WINDS 35 KTS 
RECON FLIGHT REQUESTED FOR O7199fZ 
NEXT WARNING AT 27210072 
BT 

85 79 


meoure 2 Hurricane warning and OFFICIAL forecast for Denise, 


initiated from 13.0N 119.6W at 1200GMT O7 July 1971. 
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Р? 701557 ©ЕР 7] 

FM FLEYVEACEN PEA?L 

IO QUVMHLO/FLEWEACEN ALAMEDA 

BI 

UNLAS //553145// 

TYRACK FOR MRRICAN- OLIVIA FROM 2712702 


LEVEL POSIT LAT 1010 
HISTORY 19.9N 110,28 
102 12 24, ON 113,64 
159 24 23671 114.9 
720 56 50 23 H | 15. Tu 
LEVEL POSIT LAT LONG 
HISTORY 19545! 1125.29 
599 е 21.23 11.9% 
500 12 2$. IN BESTES 
520 24 25.4" 113 .А\ 
502 55 25.9М 111.74 
580 45 SA oN 126, T4 
БЕЙ НСІ LAT LONG 
HISTORY 19.9% 12.2% 
АСС e а 111.04 
420 12 22.78 112 .3v 
405 24 24.38 112.5; 
470 56 2баг" 111,04 
420 as 52.9М 125.20 
ШЕ КӘП ГАТ 1076 
HISTORY 19,94 112.,2% 
520 г SINN 111.27: 
592 > абам 111.5v 
522 24 235.55 111,2 
500 55 2 ills 129.9 v 
325 45 21.,6Ч 197.51 
ЕГ ирсии Ет 10:6 
YISTORY 19.98 LIC 2v 
AVG | ч 21.05 11122: 
AVG | le 25„50 ОТЕ 
ANG 1 24 26,.0N 114.7 V 
AVG | 35 30, 12 112.20 
ANG 1 AS 36,08% 107.24 
LEVEL ШЕП MEAT LONG 
HISTORY (2) 11312) 
AVG2 5 21.0% 111. 
AVG2 12 22,9 112 250 
AVG2 24 25.5N 112.5w 
AVG2 35 29 ,1М 11759 
4402 45 JAAN 125,5w | 
ВЕКЕ ASBEST STERIC LEVEL 
LEVE  POSIT LAT LONG С | 
АЗИ ЗЕБ 110627 
Sed ә 21151 111,4У 
зар 12 22,2% 111.58 
320 2 23.28 111.24 
322 36 25,1М 129 .9W 
372 48 21,5Ч 121.504 
ames ПЕ олате TYRAGK forecast Гог hurricane Olivia, ume 
Beier ccm а С 19 10.09 0 st L2000MT 27 Seprenben 
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Figure 4 
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TO РАС ALAMEDA 


TROPICAL CYCLONE STEERING 
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500 mb steering 


OFFICIAL 
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FORECAST INTERVAL (hours) 


© 
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26|- 
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Figure 5 The mean errors of HATRACK and OFFICIAL, as a 
[ШО ОП ОГ forecast interval for 19/0 nUn i= 
canes Francesca, Lorraine and Patricia. 
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© - OFFICIAL/ 1000 mb steering 


[] - OFFICIAL/ 700 mb steering 

/A - OFFICIAL/ 500 mb steering 

Figure 6 The ratio of OFFICIAL/HATRACK forecast errors, 
for a homogeneous sample, as a function of 


Forecast interval, for 1970 hurricanes Francesca, 
оггайнөе ана Patricia. 
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Figure 7 Mhe ratio of OPFHBECTIAL/HAWRACK forecast errors, 
for a non-homogeneous sample, as a function 
олово се таст ос for 19/0 hurricanes 
Francesca, Lorraine and Patricia. 
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() = 1000 mb steering 


Ш 700 mb steering 
27 МЕТТЕР 5 (26 өліні: 
m= OFFICIAL 


FORECAST INTERVAL (hours) 





Figure 8 The mean errors of MODHATR (best-track bias) 
and OnPICIAL, as a function of forecast intens 
valor око hurricanes Rrancesca, Lorraine 
ad Patricia. 
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Figure 9 The ratio of OFFICIAL/MODHATR (best-track bias) 
forecast errors, Tor a MOnogenceoussanpie, JS a 
function of forecast interval, for 1970hurri- 
canes Francesca, Lorraine and Patricia. 
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Figure 10 The ratio of OFFICIAL/MODHATR (best-track bias) 
forecast errors for a non-homogeneous sample, 
as a function of forecast interval, for 1970 
hurricanes Francesca, Lorraine and Patricia. 
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Figure 11 The mean errors of HATRACK (700 mb steering), 
MODHATR (700 mb steering) and OFFICIAL fore- 
eases, aS a function of forecast intervali 
фон O hurricane sample: 
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Figure 12 The ratio of OFFICIAL/MODHATR (operational 


bias) forecast errors, for a homogeneous sample, 
as a function of forecast interval, for 1970 
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Баште Similar to Fig. 12 except Tor a non-homogeneous 
Бегите. 
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Figure 14 


The mean errors of HATRACK and OFFICIAL, as 
a function of forecast interval, for 1971 
hurricanes Agatha, nise, Hilary, 22sa., 
Lily, Monica, Nanette, Olivia and Priscilla. 
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Figure 15 
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Шера л о О DUE TARAZHAWNRACK forecast errors. 
for a homogeneous sample, as a function of 
forca места tor 1971 hurricanes Agatha; 
кешсе шр ау, Misa. Lily, Monica, Nanette, 
oivia and FrIiscilla.: 
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Figure 16 The ratio of OFFICIAL/HATRACK forecast errors, 
for a non-homogeneous sample, as a function of 
forecast interval, for the 1971 hurricanes 
(ома, Dense. Hilary, Ilsa, Lily, Monica, 
Nanette, Olivia and Priscilla. 
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Figure 17 The mean errors of MODHATR (best-track bias) 
ОПЕ аза Гл Оо HOD St 
intervel, for 1971 hurricanes Agatha, Denise, 
pw eed, yo monica, Nanette, 9 112. 
ап пр сола. 
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Figure 18 
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The ratio of OFFICIAL/MODHATR (best- track bias) 
forecast errors, for a homogeneous sampie, as 
a function of forecast interval, for 1971 hur- 
ricanes Agatha, Denise, Hilary, Ilsa, Lily, 
Monica, Nanette, Olivia and Priscilla. 
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The ratio of OFFICIAL/MODHATR (best-track bias) 
forecast errors, for a non-homogeneous sample, 
ЕБІ пи сол ©: forecast interval, ror 1971 
hurricanes Agatha, Denise, Hilary, Ilsa, Lily, 
Monica, Nanette, Olivia and Priscilla. 
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Figure 20 The mean errors of MODHATR (operational bias), 
HATRACK and OFFICIAL forecasts for the 1971 
Dire icane sample. 
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Figure 21 The ratio of OFFICIAL/MODHATR (operational bias) 
forecast errors, for a homogeneous sample, as a 
Meci ol forecast interval, Tor 19/1 hurri- 
Canco: 
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Figure 22 Similar to Fig. 21 except for a non-homogeneous 
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Figure 23 The ratio of OFFICIAL/TYRACK and MODHATR (opera- 
tional bias)/TYRACK errors as a function of 
forecast interval for a homogeneous sample of 
the 1971 hurricanes. 
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The MODHATR (best-track bias) forecasts are presented for 


bias) forecasts. 


Figure 25 Example of discontinuity in operational track and resultin 
comparison. 
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Figure 26 OFFICIAL and MODHATR (operational bias) fore- 
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Figure 27 OFFICIAL and MODHATR (operational bias) forecast 
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